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&fekdY. L4?sioa morphology was determi 
658 patients undergoing an elective first 
closure occurred in 63 lesions (8.1%). Varia 
closure were identitkd hy univariate 
I analysis, and internal validity 
irically based scoring system was 
nt weights to each predictive char- 
and was tben validated. 
Almost all iesion characteristics previously laheled 
were associated with an increased risk of abrupt 
The major acute complication of percutaneous tr nsluminal 
cotsnay angiopl;lsty is abrupt closure of the dilated artery, 
which occurs in 2% to 14% of cases (1-15) and accounts for 
the majority of deaths, myocardial nfarctions and emergency 
coronary artery bypass procedures (5,12-15). Many studies 
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increase in risk with many cbarae- 
weighting of lesion character- 
istics could quantiij the risk of abrupt closure for individual 
patients, but a very large sample will he required to unde~tand 
outcomes. 
plex lesion characteristics in altering ex 
(J Am CoU Cadiol1994;24:1 
(l-15) have found that morphologic characteristics of the 
lesions to be dilated i entify patients at higher risk of abrupt 
closure. Drawing on a consensus of expert opinion, the Amer- 
ican College of Cardiology/American Heart Association Task 
Force on angioplasty developed a lesion classification system 
(16) that uses 12 morphologic characteristics o divide individ- 
ual lesions into three types (A, B and C) with decreasing 
chances for successful dilation. Although this “armchair” 
classification was initially developed to provide a general 
assessment of the chance of successful dilation, it has been 
widely applied to categorize risk of abrupt vessel closure. 
As in most complex medical problems, however, multiple 
adverse characteristics caninteract to alter the probability of
an adverse outcome. Such complexity cannot be reflected in a 
simple classification scheme such as the American College of 
Cardiology/American Heart Association system. However, cli- 
nicians must integrate hese multiple characteristics n their 
minds when advising a patient of risk or making atreatment 
decision, and the interrelation f these characteristics could be 
critical to the statistical djustments that must be made to 
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calculate xpected outcomes in assess 
associations determined were used to explore the feasibility of 
a risk strati~cation system based on multiple characteristics of 
individual lesions. 
s 
ts. All patients ul~de~~oiug b rst-tome angioplasty of 
native coronary artery lesions at Duke University between 
April I, 1986, and June 30, 1989, were idelit~l~ed (2,176 
patients). Patients undergoing treatment for restenosed le- 
sions, lesions in bypass grafts and acute myocardial infarction 
were then excluded. One-half of the remaining roup, 658 
patients with 779 lesions, was randomly selected for further 
re. All patients were premeditated 
ay. After vascular access was achieved, 
patients received 10,000 U of intravenous heparin. Angioplasty 
was performed using standard techniques (18) with a variety of 
over-the-wire and fixed-wire balloon catheters. Procedures 
were considered angiographically successful if they resulted in 
a final residual stenosis ~50%. After the procedure, most 
patients were treated with anticoagulation vernight and had 
their vascular access heaths removed the following morning. 
In addition, most patients received aspirin and a calcium 
channel blocking agent after the procedure. 
ata collection. Preprocedural clinical characteristics were 
collected prospectively and entered into the Duke University 
Databank for Cardiovascular Disease. In addition, procedural 
details, including number of diseased and treated arteries, 
procedural success and procedural complications (myocardial 
infarction, emergency coronary bypass urgery, death), were 
prospectively collected. Finally, in-hospital follow-up data 
were retrospectively collected by review of patient charts. 
In-laboratory abrupt closure was defined as total occlusion 
(Thrombolysis in Myocardial Infarction trial [TIMI] 0 or 1 
flow) of the dilated artery associated with evidence of ischemia 
(chest pain, electrocardiographic [ECG] abnormalities, hemo- 
dynamic or electrical instability) occurring at any time during 
the procedure. Out-of-laboratory abrupt closure was defined 
as a repeat catheterization before hospital discharge that 
showed total occlusion of the artery or near total occlusion 
with evidence of ischemia. Patients who experienced chest pain 
with ECG ST segment elevation in the distribution of the 
dilated artery and died before repeat catheterization could be 
ed were also considered to have out-of-labo~ato~ 
a$SiS. Coronary arteriograms were aua- 
lyzed by consensus of two or three experienced observers. At 
least wo OrthOgonal views were obtained for each lesion, and 
the view showing the most severe lumen narrowing tvas 
analyzed. Lesion severity was graded using a previously vali- 
dated (19) ordinal scale (0 <25%, 25%, SO%, 75%, 95%, 
100% diameter stenosis). sion location was assigned as 
proximal, mid or distal according to the scheme used in the 
Coronary Artery Surgery Study (20), and flow was graded 
according to TIMI criteria (21). Lesion morphologic harac- 
teristics were assessed using the followmg definitions. Attgth 
tiott: of bend in lesion--mild or absent (<45”), mod- 
erate 590) or excessive (~60”). Calcification: present or 
absent. Contatr: smooth or irregular ([lumen edge irregular]/ 
ulcerated]; discrete lumen narrowing in form of a crater in area 
of stenosis). Eccentricity: concentric or eccentric (asymmetri- 
cally positioned in one or more views). La&: estimate of 
length of stenosis using uide catheter for calibration (<5,5 to 
10, IO to 20 or >2O mm). Side branch itwolvemevzt: none 
(including prebranch and postbranch) or side branch 
(22.0 mm in diameter) involvement (include 
bifurcation lesion, ostial lesioc). Thrombus: 
ence of thrombus cannot always be definitely determined, a 
thrombus core was developed such that the more character- 
istics associated with thrombus that are present, he higher the 
score. Specifically, 1 point each is scored for discrete intralu- 
minal filling defect, haziness and contrast staining. Tortuosity: 
number of bends >60” between origin of artery and lesion- 
mild (lesion distal to one bend), moderate (distal to two bends) 
or severe (distal to three or more bends). Total occlusiorl: TIMI 
0 or I flow. Estimate of duration of total occlusion was made 
by review of medical records. 
With the morphologic haracteristics determined, Ameri- 
cau Coilege of Cardiology/American Heart Association lesion 
type and modified lesion type as suggested by Ellis et al. (22) 
were also determined for each lesion. 
Statistics. Descriptive statistics are presented as percent- 
ages with 95% confidence intervals for discrete variables and 
median (25th to 75th percentiles) for continuous variables. The 
association of each morphologic variable with abrupt closure 
was determined using chi-square analysis and is presented as 
relative risk with 95% confidence intervals. 
To assess the strength of association between abrupt clo- 
sure and individual lesion characteristics, the morphologic 
variables were entered into a stepwise multiple logistic regres- 
sion model. Initial selection of the variables for consideration 
was based on a combination of the clinical judgment of the 
investigator and the strength of the univariate association f 
the characteristic with the abrupt closure outcome. Inaddition 
to the individual candidate variables, interactions of vessel and 
location were tested. 
The lesion characteristics from the final model were then 
ranked in order of their relative prognostic importance for 
predicting abrupt closure by using the Wald chi-square statis- 
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tics derived f’rom the logistic model. The regression coefficients 
from this model were used to assign weights oeach prognostic 
variable to form a linear abrupt closure score. Variables 
included inthe model were coded as follows. L&on length: 0 = 
<5 mm; 1 = 5 to 10 mm; 2 = >lO mm. Thrombur score: 0= 
no characteristics of thrombus; 1 = one characteristic of 
thrombus; 2 = two or more characteristics of thrombus. 
&at&lo&on: 0 = lesion ot at branch; 1 = lesion at branch. 
&& corvn4y sty: 0 = non-right coronary artery vessel; 1 = 
right coronary artery vessel. To&d occlusion: 0 = not totally 
oc&de& 1 = totally occluded. 
Because the morphologic characteristics of lesion length, 
thrambus and branch location c8Not be determined in the 
nce of a total occlusion, these variables were set to an 
arbitrary constant (which had no effect on the model coefficients) 
in the model for lesions with 8 total occlusion. Thus, the calcula- 
tion of t,he score simplifies to the following two formulas: for total 
occl~ions, (6 Y Right coronary srteryj + 19; for nontotal 
occlusions, (5 X Lesion length) C (6 X Thrombus score) + (13 X 
Branch locatiou) +(6 X Right coronary artery). 
To test the validity of the model, internal validation was 
performed by use of the bootstrapping technique (23,24). In
brief, thii technique involved drawing, with replacement, a 
random sample of 779 lesions from the original sample of 779 
lesions. Backward elimination with logistic regression model- 
ing was then performed on the bootstrapped sample. This 
process was repeated 60 times. The number of times each 
individual morphologic variable was elected inthe 60 replica- 
tions was tabulated and used as an indication ofthe validity of 
the original variable selection. In addition, the adjusted Som- 
er’s (25) Dyx values were derived to estimate how well the 
model would predict abrupt closure if repeated on a new 
patient population. 
Baseline clinkal data and pmcedural results. Baseline 
phic data for the 658 patients are shown in Table 1. 
ural success was achieved in94% of the 779 lesions 
. After 30 days there were no deaths. Seventeen patients 
had myocardial infarctions, and 44 (7.1%) required 
coronary artery bypass surgery. The median visual percent 
diameter stenosis decreased to 25% after angioplasty from 
75% before the procedure. 
Abn~pt closurr. Abrupt closure occurred in 63 lesions 
!R: 1 QG) (95% confidence interval [Ci] 6.2% to lO.O%), 35 in the 
~~~~~t~~ (4.5% [95% CI 3.0% to 5.9%]) and 28 out of the 
laboratory (3.6% [95% CI 2.3% to 4.9%]). Repeat balloon 
plasty was used successfully in .78% of these patients; 
underwent emergency b pass urgery, and 22% were 
treated medically. 
Unlvariatr predictors of abrupt &sure. The relative risk 
of abrupt closure with 95% confidence intervals given the 
presence of each adverse l sion characteristic is shown in 
Figure 1. As can be seen, in descending order, evidence for 
thrombus, increasing lesion length, branch point location, 
Table 1. Demographic Data for 658 Study Patients 
Median age (25th to 75th percentile) (yr) 
Male gender 
Coronaty artery disease risk factors 
Hypertension 
Diabetes 
Hypercholestero!emia 
Family history of coronary disease 
Cigarette use 
Indication for procedure 
Asymptomatic with positive functional study 
Stable postmyocardial infarction 
Unstable postmyocardial infarction 
Stable angina 
Progressive angina 
Unstable angina 
Previous coronary artery bypass rurgefy 
Number of diseased vessels (>7S% stenosis) 
1 
2 
3 
59 (50 to 67) 
69% 
47% 
17% 
34% 
44% 
75% 
3% 
27% 
12% 
6% 
21% 
31% 
6% 
64% 
2H% 
8% 
tortuosity, total occlusion and irregular contour were univari- 
ably significant predictors of abrupt closure. Most of the other 
characteristics were associated with increased risk but failed to 
achieve a statistically significant relation. Even among charac- 
teristics a;ociated with higher isk, the confidence limits for 
the point estimate of the effect were wide. 
The ability to detect a significant association between any 
adverse characteristic and abrupt closure depends on the 
prevalence of the characteristic n the patients studied. Given 
the baseline abrupt closure rate of 8.12, the sample size 
needed to detect a 50% increase inabrupt closure for each 
specific lesion characteristic in our patients i  shown in Table 2. 
As can be seen, characteristics hat are fairly common, such as 
eccentricity, require a smaller study group to demonstrate a 
significant relation with the risk of abrupt closure. Character- 
istics that are less common, such as angiographically evident 
calcification, require large numbers ofpatients o reach statis- 
tical significance. 
Multivariate predictors ufabrur,t closure. The results of 
stepwise multiple logistic regression analysis are shown in 
Table 3. Because insufficient umbers of lesions had severe 
angulation, severe tortuosity or thrombus score = 2, these 
lesions were combined with lesions with moderate angulation, 
moderate tortuosity and thrombus score = 1, respectively. In 
addition, lesions 10 to 20 mm and >20 mm were combined. In 
descending order, total occlusion, location at a branch point, 
increasing lesion length, evidence of thrombus and right 
coronary artery location were associated with abrupt closure. 
Once these were included in the model, the modified Ameri- 
can College of Cardiology/American Heart Association lesion 
type provided no additional predictive information (p= 0.52). 
Bootstrap validation. The bootstrap technique was per- 
formed to provide internal validation of the multivariate 
model. As can be seen in Table 4, with the exception of
midartery location, the variables most frequently associated 
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Relative risk of abrupt closure, with 95% 
intervals. Thrombus core is the sum of 
haziness, filling defect and contrast staining. RCA = 
right coronary artery. 
with abrupt closure in the bootstrap rocess corrcspol~ded to 
the significant variables in the multivariable model. ever, 
the only characteristics found to be significant pre rs of 
abrupt closure in >30% of iterations were ~~~~ncll point 
location, lesion length and right coronary artery location; many 
other characteristics were found to be statistically significant 
on more than ijne iteration of the model. Additionally, the final 
Somer’s Dyx (correlation with outcome) decreased from 0.24 
to 0.18 when the estimated overfitting of the model was 
accounted for. 
~~~ivi~ua~ Besion sis To illustrate how the adverse vari- 
ables may be combined to determine the risk of abrupt closure 
in an individual lesion, a lesion score system was developed. 
The coefficient of each variable in the multivariable model was 
used to gauge the relative importance of each characteristic. 
Each characteristic was assigned a number by multiplying its 
coeficient by 10 and rounding to a whole number (Table 5). 
The score was developed in such a way that increasing values 
would correspond to an increased risk of abrupt closure. Each 
lesion may then be assessed for each adverse morphologic 
characteristic present, and an overall score determined. For 
example, a lesion >lO mm in length located in the right 
coronary artery would be assigned 16 points. In this regression 
model, the predicted rate of abrupt closure for any lesion with 
a particular score can be determined, as shown in Figure 2. 
Table 2. Size of Patient Population Needed to Demonstrate 50% 
Increase in Abrupt Closure Rate 
Characteristic Prevalence (%) Population 
Eccenlricity 56 1,850 
Midlocation 42 1,906 
Right coronary artery 36 2,030 
Irregular contour 29 2,290 
>lO-mm lesion length 21 2,869 
Thrombus 12 4,548 
Branch location 10 5,347 
Total occlusion 7 7,413 
Calcification 3 I 6,486 
- 
Thus, an 8-mm lesion at a branch point with a thrombus core 
of 1 (haziness or contrast staining), with a total score of 24, 
would have a predicted risk of abrupt closure of 25%, whereas 
a discrete (<5 mm) lesion al the same location with haziness 
would have a score of I9 with a risk of ll%, and a hazy lesion 
of S-mm length would have a score of 11 with a predicted risk 
of abrupt closure of 8%. For a lesion with no adverse cbarac- 
teristics (score = 0), the predicted risk of abrupt closure would 
be ~3%. 
The lesion score system was modified for total occlusions, 
because such morphologic haracteristics a branch location, 
length of lesion and the presence of thrombus cannot be 
determined in patients with total occlusions. Such a lesion 
located in the right coronary artery would have a score of 
25 (Table 5) and a predicted risk of abrupt closure of 24% 
(Fig. 2). 
mparison with American College of Ca 
ca cart Association scoring system. Figure 3 demonstrates 
the cumulative distribution of estimated risks for individual 
patients in the entire group. A risk >lO% was present in 25% 
of patients, and 20% of patients had an estimated risk ~2.5%. 
For comparison, the cumulative distribution of modified 
American College of Cardiology/American Heart Association 
lesion classification scores is presented with the individual 
predicted risks from the regression equations for lesions within 
this classification. Type A lesions comprised 13% of the 
lesions; all of these lesions had a predicted risk C IO%, and the 
mean predicted risk was 4.6%. Type Bl lesions comprised 39% 
of the lesions; the mean risk in this group was 7.0%, but 25% 
Table 3. Multivariable Predictors of Abrupt Closure 
Variable Chi-Square 
Total occlusion 12.9 
Branch point II.4 
Lesion length 6.2 
Thrombus score 5.4 
Right coronary artery 4.9 
p tihle 
OS)003 
o.flrlll7 
0.U 1 
0.02 
0.03 
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Table 4. Bootstrap Validation 
Variable 
Branch point 
Right coronary artery 
Length 
Midlocation 
Thrombus 
Total occlusion 
Cakificatii 
Irregularity 
Proximal location 
TortuoMity 
No. of Times 
Signiticanl* 
37 
24 
18 
17 
13 
12 
11 
7 
3 
a 
2 
*Number of times the particular variable was found to bc significantly 
associated with abrupt closure in 6U runs of the model. Original Somcr’s Dyx = 
U,24; adjuslrd Somcr’s Dyx = O.tX. 
of the lesions had an individual risk <4.5%, and 25% had a risk 
~8.1%. Type B2 lesions comprised 42% of lesions diiatcd with 
a mean risk of 9.6% but with a substantial overlap of individual 
probabilities with type 82 and C lesions. The mean risk of type 
C lesions was 13.4%. but again the individual estimated risks 
span a large spectrum of probabilities. 
iscussion 
The major finding of this study is that multiple chardcter- 
istics indicative of lesion complexity arc associated with higher 
risk of abrupt vessel closure but that an accurate estimation of 
Table 5. !&winy Sysam for Ptcdiction of Ahrupl Chsttrc” 
Chiiraclcristic Points 
For nontotal occlusions 
Branch location 
YCS 13 
No 0 
Len&ph (mm) 
Z-10 111 
S-IO S 
<S 0 
Thrombus scxxct 
2 I2 
I h 
0 II 
RCA 
YCS h 
NO 0 
For total occlusions 
Total oc&ion IV 
RCA 
YC% 6 
No 0 
‘IndiGtual lesion xore is sum of points for all adverse characteristics that 
arc present; smm are calculated differently for total and for nontotal occlusions 
because morphologic characteristics cannot be graded in the presence of a total 
occlusion. i%e Methods for explanation. RCA = right coronary artery. 
0 5 10 15 2Q 2s 30 
Lesion Score 
Figure 2. Prcdictsd risk of itbrupt closut~. ed lines indhw WX 
confidence intervals. 
the absolute or relative risk associated with each lesion char- 
actzristic will require studying a population of >3,000 patients. 
Clinical decisions about which patients should undergo rcvas- 
cularization focus on symptoms (26) and evidence of ischemia 
(27). However, the choice of a percutaneous procedure over 
bypass surgery in mu~tivesse~ disease (28) or pCrCUti~neOus 
revascularization rather than medical therapy in single-vessel 
disease (29) is largely dictated by the belief that critical 
coronar)i lesions can be successfully revascularized without 
abrupt closure. Furthermore, assessment of quality of care 
among cardiovascular practitioners will require adequate cbar- 
actcrization of the expected risk of the procedure based on 
patient- and lesion-related characteristics. Therefore, there is a 
need for much murc objective information on which to base 
these critical clinical decisions. 
The issue of sample size and the importance of avoiding the 
type 11 statistical error have been emphasized in the design and 
analysis of clinical trials (30). This problem historically led to a 
lack of appreciation for the important beneficial effects of 
thrombolytic therapy and beta-blockade in acute myocardial 
infarction and failure to recognize the deleterious effects of 
prophylactic lidocaine (31). However, the importance of sta- 
tistical certainty in the conclusion of “no difference” or “no 
effect” is just as important in observational studies designed to 
develop algorithms to understand patient outcomes. Clinicians 
performing procedures implicitly understand that long lesions 
with thrombus at a bifurcation carry a higher risk than lesions 
with just two of these characteristics, but neither the American 
College of Cardiology/American Heart Association classifica- 
tion nor the modified classification from this limited sample 
can account for this degree of detail. Yet, when a calculation is 
made for the purpose of estimating risk for the individual 
patient to assess quality of care, the representation of the 
complexity of lesion morphology will be one of the most 
important issues in the estimation of expected risk of emer- 
gency surgery or procedural failure. Only with very large 
sample sizes can reliable estimates of these factors be ob- 
tained. 
Morphologic characteristics and risk of abrupt closure. 
Many studies have confirmed the clinical impression that 
specific morphologic characteristics are associated with an 
figure 3. Cumutativc dis~rit~~ti~)n plot of 
prckrbility of abrupt closure in the cntirc 
patient group. The distribution of Amcri- 
can College of Cardiology/American 
cart Association lesion classifications is 
also provided with various vnriahles de- 
scribing the individual risk within each 
class, including 95’(3 confidcncc intervals 
for point cstiniatcs of risk for each group, 
the rnngc of individual vah~es and Zjth 
and Xth percentiles. The distribution of 
individual probabilities within each Amcr- 
ican College of C;~rdiolo~y/Anleric~~n 
I-lcnrt Associiltion cl~~ssilici~tkn~ sl”ms iI 
IWOill! spcctruai. 
Mi 
increased risk of abrupt closure after i~l~g~~~~lasty. Although the 
American College of Cardiol~)gy/Amcrican 
guideline!: (16) have provided a common nomenclature fog 
discussing patient risk, they were not developed specifically to 
estimate the risk of abrupt closure. They were based on expert, 
consensus opinion that was dependent in part on the previous 
published reports in the field, which was inconsistent, and in 
part on personal cxpcricnce. The relative importance of any 
particular characteristic was not specifically estimated, and the 
incremental risk of the presence of several characteristics in a 
single lesion was not assessed. 
Ellis et al. (22) made substantial progress in addressing 
these problems by examining clinical outcomes in 3.50 patients 
with 662 stenoses undergoing angioplasty. Major complications 
(death, emergency surgery or myocardial infarction) occurred 
in 46 patients (8.6%), presumably as a result of abrupt closure 
in the majority, although the incidence of abrupt closure was 
not specified. In this group, the American College of Cardiol- 
ogy/American Heart Association classification was a statisti- 
cally significant predictor of complications. A modified system 
in which lesions having one B characteristic were classified as 
type Bl and two or more B characteristics as type 82 was a 
better predictor, demonstrating that a combination of charac- 
teristics is important. In addition to the American College of 
Cardiology/American Heart Association type, the individual 
characteristics of total occlusion, high grade stenosis, stenosis 
bend >60” and excessive tortuosity were independently pre- 
dictive, suggesting that individual risk could be hctter pre- 
dicted by assigning a weight to each lesion characteristic. 
Figure 3 demonstrates the essence of the difference be- 
tween classifying patients into risk groups and developing 
individual risk estimates. Although a graded risk of abrupt 
closure is present in the broad groups, each group except type 
A lesions contains a spectrum of patients with markedly 
different individual risks. For the purposes of providing infor- 
mation to individual patients or for risk adjustment, accurate 
indrvidual predictions are clearly prcfcrable. Such individual 
predictions would be valuable, of course, only if they were 
accurate and validated in multiple populations. 
In the current study, we found that abrupt closure occurred 
in 8.1% of lesions. By univariatc analysis, lesions that had 
evidence of thrombus were long, were located at a branch 
point, were tortuous were total occlusions or were irregular in 
contour were significantly more likely to have abrupt closure 
than those without these characteristics. Eccentric and angu- 
latcd lesions had an increased risk of abrupt closure, but the 
level of increased risk did not reach statistical signiticancc. A 
much larger study, 3s demonstrated in Table 2, probably would 
have shown these Icsion characteristics to be important. 
csults of previous stndies. In agrccmcnt with our model, 
other studies have found that thrombus (1,3,6,8,9) and lesion 
length (1,2,4) are important predictors of abrupt closure. Of 
the other significant variables in our model, branch point has 
been examined in only three studies, with one (2) finding it 
significant and two (3,9) finding it not significant. No previous 
study has found right coronary artery lesions to be associated 
with abrupt closure, although a recent large study (32) which 
did not specifically address abrupt closure, found decreased 
angioplasty success in the right coronary artery. Previous large 
studies have either excluded patients with initial total occlu- 
sions or have not analyzed this variable separately. A recent 
study of the National Heart, Lung, and Blood Institute I985 
to 1986 Angioplasty Registry (33) reported abrupt closure 
in 7.l%, of total occlusions compared with 4.5% of subtotal 
occlusions. Other morphologic characteristics found to be 
significant in the majority of previous studies but not included 
in our final model are irregularity (3,8,9) and angulation (2,3). 
Irregularity was univariably significant in our study but lost 
significance in the multivariable model. The ability to detect a 
significant effect of angulation was limited in our study by the 
small number of lesions with severe angulation. 
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-tat&s of previous tudies and the current study. In 
comparing our results to those previously reported, several 
points should be noted. First, different studies have used 
different definitions of abrupt closure. For instance, some 
studies repted abrupt closure only after the patient had left 
the catheterization laboratory, whereas others included OCC~U- 
sion of branch vessels as well as the dilated segment or 
required evidence of ischemia as well as total occlusion Of 
blood flow. 
Many studies list significant predictors of abrupt closure but 
do not provide the prevalence of the predictors in the popu- 
latian studied, This approach makes it impossible to assess the 
power of nonsignificant findings (possible false negative lind- 
ing). For instance, given a baseline risk of abrupt closure of 
8.I%, 5,347 lesions would need to bc studied to find a 
significant result (p < 0.05) for an adverse characteristic that 
increased abrupt closure by 50% but was present in only 10% 
of patients. 
Conversely, many studies have insulhcient numbers of 
outcomes in relation to the number of predictive variables 
assessed, increasing the likelihood of false positive findings. 
Many of the studies evaluated only a few variables (7,8,10-12). 
and only a few used multivariable methods (1,2,4,9) to examine 
the strength of association between variables and the outcomes 
studied. The definitions of lesion morphology were not consis- 
tent or were not clearly defined. Finally, many studies are 
several years old and may not reflect the risk of abrupt closure 
with current technology, operator cxperiencc, and patient 
populations. 
The limitations of our study also need to be recognized. The 
specific score derived from our patients is used to demonstrate 
a principle Derivation of empirically based weights can be 
used to develop individual predictions of the probability of 
abrupt closure. Although our system appears to stratify lesions 
better than the American College of Cardiology/American 
Heart Association lesion type, this may not be true because the 
scoring system was developed on this population und needs to 
be tested on other groups. These weights will certainly need to 
be modified as they are applied to other populations and more 
accurate estimates are derived from larger sample sizes. 
To achieve adequate sample sizes to quantify the incremen- 
tal risk of some of the characteristics, vety large clinical data 
bt%s using the same morphologic definitions will need to be 
combined. The independent risk associated with eccentricity 
and calcification may be modest and therefore not measurable 
without a much larger study. We are particularly concerned 
about severely tortuous or angulated lesions, which were 
uncommon in our patients and may signal quite a high risk 
(2M). Although the bootstrap validation provided some sup 
port for the importance of the right coronary artery location, 
this finding will require validation in an independent popula- 
tion. Integrating these individual lesion probabilities into an 
indiidual patient risk in patients with multilesion dilation is a 
complex problem that has not yet been approached. Whether 
newer interventional devices will have the same risk factors for 
complications as found for balloon angioplasty is a question 
only starting to be addressed (34,351. Finally, during the time 
period of the study less keparin was used than is currently 
recommended, and this may have increased the incidence of 
abrupt closure (36,37); the use of newer thrombin inhibitors 
(38) and coronary stems could also change the underlying rate 
of abrupt closure over time. 
Conclusions. A patient-specific scoring system would allow 
preprocedure evaluation of the risk of abrupt closure based on 
well defined angiographic morphologic criteria. Once validated 
in several independent populations, a system similar to this one 
could allow more accurate risk stratification for both individual 
patients and ~op~l~ltiofls. The ability of a physician to assess 
accurately the risk of abrupt vessel closure could enhance 
treatment d&ions and planning for the timing and lcvcl of 
support needed for a procedure. Without carefully constructed 
statistical models to adjust for dilfercnccs in prcprocedure 
lesion morphology, substantial errors could bc nladc in quality 
assessment algorithms designed to compare actual and cx- 
pected outcomes. In addition, such a system may assist in the 
design of clinical trials by allowing targeting of high-risk 
populations. Finally, individualized risk predictions for stan- 
dard technology could provide a basis for more thoughtful 
evaluations of evolving technologies, so that promising ap 
proaches could be subjected to the scrutiny of randomized 
clinical trials. Given the inadequate sample size of previous 
observational stud&, careful attention to the numbers of 
lesions {or patients) included will be required to avoid sub- 
stantial type II errors in understanding the risk factors for 
abrupt vessel closure and in predicting the risk for an individ- 
ual patient. 
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